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PREFACE. 



AN the first volume I have very fully 
treated on Practical Geometry. This 
it is the object of the present volume to 
apply, in the solution of various useful 
problems, in the several branches of 
our art. 

I have first shown the method of de- 
scribing Arches of every kind. It is 
unnecessary to enlarge on the importance 
of this curious and interesting part of the 
VOL* ii« a 2 subject 
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subject To understand it thoroughly, 
tho artist must take care to verse himself 
wejl, not only iji plain Geometry, but in 
the properties of the various species of 
Curves produced by the different Sections 
of the Cone. I have endeavoured to ex- 
plain them M-ith as much brevity and per- 
spicuity as possible ; and I think the me* 
tbods I have given are more general, as 
well as more easy, than those hitherto 
made public. 



I have next explained the manner of 
describing both Grecian and Roman 
MouLDixGs, by applying the general 
principles of the £ll]f>s]s. Parabola, and 
Hyperbola, to this particular subject. 
From these curves are produced an in- 
.finite variety of the most beautiful fi- 
gures, from the arrangement of which, 
wifh ^ JMdiqious intermixture of plane 
, surfaces, 
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surfiades, are derived all that^ beaut^r 
and: grandeur, which the various orders 
af Architecture exhibit. > 

The methods given by Palladio and 
Goldman for describing; Sj^iral* LiiifBg^ 
lirith compasses, are extremely limited; 
being always confined to three revolu^ 
tions in the given height, with the eye 
one eighth part of the whole height. 
To supply this defect, I have invented 
a method, easy in its description, and 
universal in its application ; which ad* 
mits of any number of revolutions what- 
ever in any given height, touching the 
eye at the ^nd of those revolutions 
whose diameter is any line given, not 
exceeding the height of the spiraL 
These methods may answer very well 
in describing the volutes of the Roman 
and Grecian Ionic Order, where they 

consist 
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consist of a single fillet, or a fillet and 
bead; but in describing the Grecian 
volute on the Temple of Erechtheus 
at Athens, the proportional spiral only 
can be properly employed. I have 
made several attempts to find a method 
for drawing this curve by a continued 
motion, but have not hitherto been 
able to satisfy myself. However I have 
shown how to obtain any given number 
of points, through which the curve may 
be drawn with sufficient accuracy. It 
may indeed be done accurately enough 
for common practice by having a point 
in each quadrant, since the evolute of 
the proportional spiral is a proportional 
spiral also, and therefore centres may 
be found in the evolute, and the spiral 
drawn with a compass as before. 



The ICHNOGRAPHY AND ElBVATION 

OP 
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OF Objects being necessary to re- 
present their true outline in all the 
varieties of position to the projecting 
plane, I have given instructions for 
them, and then proceed in the last 
place to treat of the Pbojection of 
Shadows: A^ subject hitherto entirely 
neglected by writers on Architecture, 
notwithstanding its importance in ortho- 
graphical or geometrical designs. Our 
notions of the eflFect of any design 
must certainly be more correct when 
the drawing from which our judgment 
is to be formed is a true picture of 
nature, than when it is shaded merely 
according to the whim of the artist, 
without any reference to established 
rules. The disposition of shadows in 
nature is not arbitrary. The rays of 
light are regular in their procession, 

^nd it requires only care and att-ention 

to 
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you II* b ^ IX, To 
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The Application of Geometry to Architecture^ 
in describing elliptical and Gothic Arches ^ 
and finding the Joints for constructing 
them ; also in drawing of Mouldings of 
various Degrees of Curvature^ ^c. 



DEFINITIONS. 

!• A ,N Arch, in architecture, is a number of stones, 

•^^ or any other mass of matter, capable of being 

' built over a hollow space, in the form of some curve ; 

such as a semicircle, a semiellipsis, a parabola, an hy« 

perbola, or a catenarian, &c. or any part of these curves. 

2. A simple arch is a continuation of the same curve 
throughout the whole; such as a segment of a circle, 
or a segment of an ellipsis, a parabola, &c. 

S: A compound arch is that which is not a conti- 
nuation of the same curve, as is generated by a conti- 
nued motion: thus, two segments of a circle, of a dif- 
ferent radius, joined together, touching a strafght line 
at the point of their junction, is a compound arch; 

VOL. II, B 4. A 



( 2 ) 

4. A gothic arch, in general, is formed of two seg- 
meats of the same species of curve^ meeting in a point 
at the top, called the vertex, and whose extremities in 
general touch parallel planes^ perpendicular to the ho- 
rizon. 

Gothic arches may be made of two segments of a 
circle, or two segments of an ellipsis, &c. 

5. A right arch is such, that the extremities spring 
frpia two planes, whieh are tangents to the arch at the 
intersection of a given horizontal plane, and the two 
tsmgential planes being equally inclined to vertical 
planes passing through their intersections. 

6. An oblique or rampant arch is such^ that the ex- 
tremities spring from the intersections of two planes, 
eqiially inclined to the horizon, which are tangents to 
the arch at their intersection with another plane, in*- 
din^d in any given angle to the horizon.* 

Plats 



* The author having extended the plan of this work much 
beyond his original intention, and he hopes greatly to the 
studtnt's advantage; in consequence of which, all the 
plates in this edition are numbered in regular succession^ 
in order that the subjects of the work may follow each 
other with precision. 
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Plate 59. Fio. 1. 

To describe the circuniference of a circle of a given radiut G H 
through a given point D» to touch k given circle ABC, 
whose centre is F ; provided that the turn of the difference 
between the two given radiusses, and the radius of the required 
circle^ shall exceed a straight Une, dravmfrom the given point 
to the centre of the circle given in position. 

Join F D; from G H, cut off the part G I, equal to 

the radius of the circle A B C, aud with the difference 

I H^ on the centre F^ describe an arc at E ; on D, as 

a centre with a radius G H, describe an arc cutting the 

former at £; lastly, on E^ as a centre with the distance 

E D^ describe a circle^ it will touch a circle A B C^ 

as was required. 

Fig. a. ^ 

To describe a circle^ to touch a given circle ABC, whose cen* 
tre is K, and to touch a given straight line D £, wi the point F. 

From F| draw F I^ perpendicular to D E ; from the 

point "F, and from the line F I^ cut off the part F G^ 

equal to the radius of the circle ABC; join K G., and 

bisect it by a perpendicular^ cutting F I^ at I ; through 

the points I and K, draw the straight line I K A; lastly^ 

with the radius I A^ or I F^ describe a circle and it is 

done. 

Fig. 3. 

To describe a circle^ to touch a given circle ABC, whose centre 
shall be in a given straight Une F £, and pass through a given 
point F in that line. 

Through D, the centre of the given circle ABC, 
draw D A^ parallel to F E^ cutting the circumference 
of the circle A B C at A ; through the points A and F, 
draw the straight line A F B, cutting the circumfer- 
ence of the circle A B C at B; draw the straight line 
B E D^ cutting F £ at £ ; then on E, as a centre with 
the distance E B^ or E F^ describe a circle^ and it i^ 
done. 

B 2 Platb 
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Plate 61. Fio. 1. 

To find the joints of an arch A B D, that is the segment of a 

circle. 

Divide the arch into as many equal parts as you in- 
tend to have joints: to make a joint at any point d, 
that is not at one of the extremes of the arch^ take any 
two equal distant points a and b, on each side of the 
point d; and with any radius greater than b d, or d a, 
on the points b and a, as centres^ describe two arcs^ 
cutting each other at c; draw c d, and it will be one of 
the joints at the point d ; intbe same manner find all 
the other joints except the two extremes, which may 
be found as follows ; suppose it were required to find 
the extreme joint at B^ take any distance d c, on any 
one of the joints that is founds and with that radius on 
B^ describe an arc at e ; and with the distance B C^ 
on the point d describe an arc cutting the former^ 
and draw £ B^ and it will be the joint required. 

m 

Fig. S. : 

To find the joints of an elliptic arch A B D. 

Find the foci E and F, by Prob. 1, Page 22 ; then, to 
draw a joint through any point 6, in th^ arch, draw the 
straight lines ¥ G a and EG b; and bisect the angle 
aG b hy the line c G, and it will be a joint at the point 
G : in the same manner all the other joints may be found. 

'Fig. i, is an arch made of the sectors of circles, re- 
presenting an elliptical arch, the joints in any of the 
sectors will be found, by drawing them to their corre- 
sponding centres. 

Plate 



/ «r, 4 Xfc. -r-i^ « 



, ,1,, i„j, III), |imm# hK-. y *. tt^ 




II il, , Inl \ III lll"«MMl tltm^'f^M 
II |« lit in > |.l.Hhh»«||'*ll»'''»'''*»^*t 
I ni ili|Ml . i'liMl |hH|*MlHl II '»!•»<• 51^ -mrndt 

< h iliMi ill. hit! ^Mm hI iI»»» ""'•' *^^ J* 
I III, II I- lull uii.Im iiHi' IimII hI J'l^ti^a 

i:| lln III! Ii I' III |M iImiIIiuI 



h 



l« 



kl 



Ml f.|i/(i i*.<..i, , ''1 1^,, .^M»*i, •■• Jmim^i* i^ ^fprMtnMmm ^ 

I^IhI'I \l»i|imliM \0, *iimI ill uii ili»i im 1^ with tbe 

• •hIim.. I \,x\ ji.ttiiil iittu.ji. -A O I., ihrii ilrMcribea 

• ii.li. Ih Iui4i.Ii ilu Miiii^hi hih- IH^. Ml iIm' (lointD, 
•♦Mil ili(ii.|«i;K; ,\ n I,, mul u ^^iji i.MuniliiUi oiii: »ide 
•ll llh< luili, ilu. iiihii uuli. MUiv l.w. I tMii|ilrUiil ill the 
•»»HM». nuuiiiri, uh U |i|(Uu hy itut li^iuu-. 



TtATli 



nsi. 




t 



( » > 



Pukrm 6ft. Fk 






Join U A mod D B^ and Hmxi ibem. is -dot pecBs G 
ii#i^ If ; join alw E G jod ILF; Liaec: Cicam x 
p</ffit» K aod I ; tfaea viS the lias K G ac H l^ 
diMtu*'t0^r§ ; l> A aod D B will be a dcic^ 
c//f r«ri^(K/»ding to eadb ; (then bj Fnnh. 1, ft t ge 54^ 
(it'ontt^y) describe each py^Kf*^^^ and die 
%h*i golliic arch required. 

Fig. 2. 

To^firul ihtj'nnt* fjfa ^kk arch daeribed m 

Sufff^j^ it wa» required to draw ajoiot to a girea 
ffoiui a ; through a, draw a c^ parallel to A D, cnt- 
lirig th'r Hiarneter li G at c ; from the point d^ where 
1/ ^> /;<it4 th#; arch^ make d c equal tod c ; join e a, and 
jit will Ut* a latigc'nt at the point a ; a line drawn throngfa 
a, ipt'^ft^miU'Mlar to a e, will be the joint sought; in 
lilt* Htmia manner all the other joints are to be foond. 

'I'Ui' joitiiH art* to be found in Fig. 3, in the same 
ihunin'f. 
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MOULBINGS. 



DEFINITIONS. 

1. Mouldings are figures composed of various 
curves and straight lines. 

If the mouldings are only composed of parts of a 
circle^ and straight iines^ they are called Roman^ be- 
cause the Romans^ in their buildings^ seldom or never 
employed any other curve for mouldings than that of 
a circle ; but if a moulding be made of part of an el- 
lipsis^ or a parabola^ or an hyperbola^ the mouldings 
are then in the Grecian taste. 

CofoUary. Hence it appears^ that mouldings in the 
Greek taste are of a much greater variety than those of 
the Roman^ where only parts of circles are concerned. 

Mouldings have various nances, according to the 
manner in which they are curved. 

2. The straight lined part under or above a mould- 
ing in general^ is called a fillet. 

3. If the contour of the moulding be convex^ and 
a part of a circle equal to^ or less than a quadrant^ 
then the moulding is called a Roman ovolo^ or an echi- 
nus, such as Fig. 2, Plate 6Q, 

VOL. II* ' 4. If 
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10. If the concave parts of the curve project be- 
yond the convex part^ the cimatium is called a cima- 
recta; such as Fig. 4, Plate 65. 

11. If the convex part project beyond the concave, 
the cimatium is called a cimareversa, or ogee. 

12. The bending, or turning inwards, of a small 
part of the convex curve of a Grecian moulding, is, 
by workmen, called a quirk. 



c 2 Plate 
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Plate 66. Fig 1. 

To describe a torus. 
Bisect the diameter at a ; on it with the radius^ de- 
scribe a semicircle^ and it is done. 

Fig. 2. 

To describe an orooh in the Roman taste ; the projections at a 
and b being given at each extreme of the curve. 

Take the height of the mouldmg; on the points a and 

b as centres, describe an arc at c; on c^ as a centre 

with a radius c a or c b, describe the arc a b, and it 

will be the contour of the moulding required. 

. Fig. S. 
To describe a cavetto, lueoing the extremes oftlie curoe» 
The cavetto is described in the same manner^ but on 
the opposite side. 

Fig. 4. 

To describe a hollow, to touch with two straight lines b d and 

d a, one of them at a given point a; 

Let d be the point of their meeting ; make d 6 on the 
other line, equal to d a ; from the points a and b, draw 
perpendiculars to each of the lines d b and /f a, meet- 
ing at c ; on c, as a centre, with the radius c 6, or c a, 
describe an arc b a, and it is done. 

Fig. 5. 
To describe a cimarecta, the projections at a and b being given. 
Join a b; bisect it at e; then on the points a and b 
describe arcs meeting each other on the opposite sides 
at c and d : on the points c and d; with the same radius, 
describe the opposite curves a e and e d, and it is done. 

Fig. 6. 
The cimareversa is described in the same manner, 
but in an opposite direction. 
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ELLIPTIC AOULDINGS. 
Plate 67. -Fio. 1. 

To describe the Grecian echinus, or ovolo ; the tangent A B 
at the bottom) 'the point of contact A, and the greatest prqfeC' 
tion qf the moHlding at C, being given. 

From A, draw A D.£ perpendicular; through C 
draw C B parallel to it; also through C draw C D, 
parallel to the tangent B A, cutting A E at D ; make 
D E equal to A D ; then will D be the centre of an el- 
lipsis^ and C D and D A will be two semiconjugate dia- 
meters ; from which the ellipsis may be described^ by 
Prob. 6, Page 24, Geometry. 

Fig. 2. 
This figure is described in the same manner^ and 

shows a greater projection ; the tangent being also 

taken in a higher position. 

Fig. S. 

The same things being given, to describe the moulding nearly, when 
the point of contact A is at the extremity of the transverse axis. 

From A draw A D E perpendicular to the tangent 
B A; parallel to it, draw C G^ cutting the tangent A 
B at G ; also through C draw C D parallel to the tan- 
gent A B^ cutting A D E at D^ the centre of the ellip- 
sis for which J) C and D A are the semitransverse and 

semiconjugate axes; and proceed as before. 

Fig. 4. 
To do the same exactly true, having the same things given. 

Draw A F H perpendicular to B A, as before, join 
C A and bisect it ; from the point B, where the two 
tangeftts C B and A B meet^ draw B F through the 
middle of 'A C, cutting A H at F; through F draw F 
JD, parallel to A B ; on C, with the distance A F, cross 
F D, at E; through the points C and £ draw C E G, 
cutting A H at G ; make F D equal to C G, then will 
A F and F D be the two semiaxes ; then proceed as be- 
fore. Fig. 5 and 6, are described in the same manner. 
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Plats S^ Fw. 1 





• ' Pf O CT cJ ^* in Page-fl4-JVpbw 
will have the contour of the 

Fig. 3. 

To dturibc the uwareda^ the ferpmikwiar iag^ H L 

gncMy amd iU fnjtttim L L 

Complete the rectangle I L H F, and diride the 
whole rectangle into foor equal rectangles ; then in- 
Mrribe the concare qnadrant of an ellipss, in die rec- 
tangle I K C B^ and a conTex qoadrantintheiectan- 
gle C G H D, and it is done. 

Fic. 4. ■ 

To de$criht a cimarctena, the pohU A bemg memrljf tie grtaiett 
profectiom at the top ; D, the extremity cf the cmne ai tkt 
bottom ; and D C a line parallel to a tamgeat^ mt the poimt ef 
junction cf the oppotite curves* 

Draw A C at right angles to C D> cutting C D at 

C, and complete the rectangle, A C D E; then 

proceed as before, but in a contrary direction, and you 

will have the contour required. 

Fig. 5. 

To describe an echinus, hcrzing the depth of the moulding C D, 
the greatest projection at D, and tobe quirked at the top amd 

bottom. 

Complete the rectangle C B A, and proceed as in 

Problems XVIII, XIX, and XX, Page 31 and 32, 

Geometry. 

Fig. 6. 
To describe a scotia. 

Join the ends of each fillet by the right line A B • 

bisect A B at D; through D draw C D E, parallel to 

the fillet% and make C D and D E equal to the depth 

of the scotia ; then will A B be a diameter of an ellip- 

•in, and C E its Conjugate. Proceed as in Proh. IV, 

Page 24, Geometry. Plate 
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Plate 69. Fig. 1, ^, S, 4, 5 and C. 

How to describe Grecian mouldingSy whether elliptical^ parab(h 
Ikal, or hyperbolicnl ; the greatest projection at B hting gvoen^ 
and the tangent Q F at F the bottom of the moulding. 

Draw G F, a continuation of the upper side of the 
under fillet; through B draw B G, perpendicular to B 
F, cutting it at G, and the tangent F C at the point C; 
also through B draw B E, parallel to G F; and through 
F^aw f E D A, parallel to G B, cutting B E at E ; 
make E A equal to E F, E D equal to C G, and join B 
D ; then divide each of the lines B D and B C into a 
like number of equal parts; frotn the point A, and 
through the points 1, 2, 3, 4 in B D, draw lines; also 
from F^ through the points 1, 2,3, 4 in B C, draw lines 
cutting the former, which will give points in the curve. 

If the point C, where the tangent cuts the line B G, 
be less than one half of B G, firom G, the mpulding 
will be elliptical as in Fig. 1 and 2. 

If G C be one half of B G, the moulding is parabo- 
lical, as in Fig. 3 and 4. 

If G C be greater thah half of B G, then the mould- 
ing is hyperbolical, as in Fig. 5 and 6. 

By this means you may make a moulding to any 
form you please, whether flat, or round. 
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SPIIRAJL ILINES. 

DEFINITIONS. 

Plate 71. Fig. 1: 

1. If round a fixed point another be supposed to 
move continually^ approaching or receding from the 
fixed pointy according to some law^ the figure so de- 
scribed is called a Spiral.* 

2. If the moving point has gone once round the 
fixed pointy the spiral is said to have one revolution; 
and if twice rounds it is said to consist of two revolu- 
tions ; atid so on. 

3. The fixed point is called the centre of the spiral. 

4. Any straight line drawn from tlie centre of the 
spiral^ and terminated by the curve^ iscalledan ordinate. 

Fig. 2. 

5. If the radius C A be moved uniformly round the 
centre C^ and at the same time a point be supposed to 
move uniformly along the radius from C to A^ so that 
both motions begin and end together, the curve E F 
G A is called the spiral of Archimedes. 

Fig. 3. 

6. If the curve F G D A be such, ttat if it was 
every where cut by the radius C F, C D, C G, C A, &c. 
all the angles made by tangents at the points F, D, G, 
A, with the radii C F, C B, C G, C A, 8cc. may be 
equal, then the curve is called the Logarithmic, or 
Proportional Spiral. 

VOL. II. D PROB- 

« 

* Although a spiral, strictly speaking,.sigDifies a line drawn 
round the surface of a cone, which line is continually ap- 
proaching nearer to the axis as it comes nearer to the vertex 
of the cone, yet Mathematicians define it as above on a plane. 
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PROBLEM I. 

To find any number of points in the Spiral of 
Archimedes, for tracing the curve to any num- 
ber of revolutions, having the centre given, 
and the greatest distance that the spiral is to 
recede from the centre. 

On the centre of the spiral^ with a radius equal to 
the greatest distance^ describe a circle ; divide the cir- 
cumference, beginning at the greatest distance^ into 
any number of equal (>arts ; from each of these points 
in the circumference^ draw lines to the centre; divide 
any one of the radii into as many parts as there are to 
be revolutions; and divide each of these parts again into 
as many equal parts as the circumference of the circle 
is divided, and call this the scale ; then from the centre 
set off the radius^ made less by one of these parts^ upon 
the next radius to that which passes through the greatest 
distance ; next take the radius made less by two, and 
apply that from the centre on the next radius; again 
take the whole scale, made less by the three parts, 
which set from the centre on the next radius. Proceed 
in this manner, making each succeeding radius less, by 
one part of the scale, than the preceeding one, until 
you arrive at the cenlare ; then a curve being drawn 
through all the points in the radii wUl form the Spiral 
required. 
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EXAMPLE. 



Fig* 4. 



Todrmo the spirdl rf Arckkkeies to the tkret ref^htimu ; the 
centre O being gheny and the point A, which is the greatest 
dietance/rom the centre. 

Join A O on O ; with the radius O A, describe a 
circle ; divide the circumference, beginning at A, idto 
any number of equal parts, suppose into eight, at the 
points A, B, C, I), E, F, G, H ; through all these 
pointftj draw lines toward the centre C ; divide tlie rd:- 
dius C A into three equal parts^ because the curve is 
to have three revolutions ; then divide each bt these 
parts into eight equal parts, because the circle ABC 
D E F G H, is divided into eight equal t>arts, by the 
radii O A, O B, O C, O D, E, &c. then the radius 
A O will be divided into twenty four equal parts ; make 
O 6j in the next radius, equal to twenty-three parts ; 
O c, equal to twenty.two,0 d, equal to twenty one, O 
e, equal to twenty, and proceed in this manner till you 
arrive at the centre C ; the curve being drawn through 
the points A^ b, c, d, e,/, g, 8cc. will give the spiral 
required. 

Uottj Although in this example the curve is only -di- 
vided into eight equal parts, which may be quite 
sofllcient for a small spiral ; yet where great accu- 
racy « required, the circumference may be di- 
Tided into sixteen or more parte, 

D a PROB- 
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PROBLEM II. 

Platb 72. Fig. 1. 

The height A C, passing through the centre 0$ 
being given, and the centre O, to find any 
' number of points in the proportional spiral. 

■ 

Through O, draw B D perpendicular to A C ; find 

* • 

0. B a mean proportional between O C and O A ; that 
is, bisect A C at y ; on ^ as a centre, and with the dis- 
tance of ^f A, describe an arc, cutting B D at B ; join 
A B and B C ; then through C, draw C D parallel to 
A B, cutting B D at D ; through D, draw I) £ parallel 
to B C^ cutting A C at E ; through £, draw E F pa- 
rallel to A B, cutting B D at F. Proceed in this man-* 
ner to the end of the last revolution, and a point will 
be obtained at the beginning and end of every quarter 
pf a revolution. 

Then to find any number of intermediate points, bi- 
sect the angles A O B and B O C by the lines 1 3 and 
3.4, and continue those lines to the other side of the 
centre O, and the angles CODandDOE will also be 
bisected. Make Ola mean proportion between O A 
and O B ; and O 2 a mean proportion between O B 
and O C ; join A 1, 1 B, B 2, 2 C ; then draw C 3 
parallel to A 1, 3 D parallel to B 1, D 4 parallel to 
B 2, E parallel to C 2 ; that is, each parallel to that 
snbtending its opposite angle. 

Again 
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Again draw E 5 parallel to A I, F 5 parallel to B 1 ; 
V 6 parallel to B 2^^ G 6 parallel to C 2 ; proceed ia 
this manner by continually drawing lines parallel to A 1^ 
1 Bj B 2, and 2 C, till a point is found in the middle 
of each quarter ; a curve being drawn through these 
points will give the spiral required. 

SCHOLIUM. 

Although by the preceding methods any number of 
points may be found, the first of these- is not well 
adapted for a spiral when apf)lied to architectural pur- 
poses, because on account of the space comprehended 
between the line of the spiral being every where pa- 
rallel, it is thought ungraceful by Architects. Method 
2, is the most perfect ;that can polssibly be put in prac- 
tice; as the Tevolutions every where divide the radius 
in a continued proportion, and consequently every 
space will have the same ratio as its distance from the 
centre ; by this means you may describe as great a 
nnmber of intermediate curves as you please, and the 
' distance of thofee lines will have every where the same 
proportion taken upon a line drawn to the centre ; but 
as many Architects may think this method troublesome 
to put in practice, I will, in the following, show more 
general methods for describing curves of the kind, to 
any number of revolutions with a compass, than has 
been hitherto shown* 



PROS- 
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PROBLEM m. 

Plats 7^. Fie. h2,S,A. 

To find centres far drawing spirals to any nimi- 
ber of rerolutions ; the centre C being ^ven, 
and also the perpendicular line C G. 

Make C D both peq>endicii]ar and eqpsl to C 6 ; 
divide C D, beginniog at C, ioto as manj equal parts 
as yoa inieod to have revolauons; divide the first of 
those from the centre C, that is C 1, into two equal 
parU, attbe point I ; through the points D and G^draw 
D B and G B respectively parallel to C G and CD, 
cottiog each other at B; in the line B 6 make G A 
eqasl to G B;join C A andC B; through I^ draw I E 
parallel to C A^ catting B D, produced atE; throng 
tlie same point I^ draw I F paralld to C B; thea 
liirougb the point D, fig. 1 ; and 1^ D, fig. ^ ^ 1^ 2^ D^ 
(ig. 3 ; 1,9., S, J), fig. 4s &c. draw the lines parallel 
li) l\ E cutting the diagonal £ I and B C. From the 
poititN where the diagonals are cut^ draw lines parallel 
U» U A, cutting the other diagonals A C and F I; and 
through the points which are cut in the diagonals A C 
or V I, draw lines again parallel to B E^ and it will 
iigmpltito the centres for turning the spiral, 

Nul(*» !'•«• h »» 1*^^ one revolution; fig. 2, for two 
irvolutiiuu; fig. 3, for three revolutions; fig. 4, 
lor lour rcwolutions; fig. 5, for five revolutions; 
uiul liK. a, for six revolutions. 

PROB- 
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PROBLEM IV. 

Plate 74. 

To draw a spiral line to touch a given circle, 
whose centre is the centre of the spiral, to any 
number of revolutions ; the whole height being 
given. 

From either end of the whole height of the spiral cut 
off the diameter of the given circle ; divide the re- 
mainder into as many equal parts as there are to be re- 
volutions in the spiral, and divide each of those parts 
again into four others ; so that the remainder, or dif- 
ference between the given circle and the height, will 
be divided into four times the number of revolutions ; 
then take half the number of these parts and one part 
more, together with half the diameter of the eye, and 
set it from the top of the perpendicular downwards, it 
will give the centre of the volute; or take half the 
number of parts made less by one part, and set it from 
the bottom upwards, will also give the centre; take half 
of oile of (he parts, and set it from the centre, cutting 
the perpendicular or height of the volute upwards ; 
through that point, draw a horizontal line ; take half 
one of the parts, and set it on each side of the per- 
pendicular, on the horizontal line; from these two 
points draw diagonals to the centre ; through the cen- 
tre, draw another line parallel to the horizontal line ; 
through the upper end of each diagonal, draw lines 
parallel to the perpendicular, cutting the horizontal 
line that passes through the centre, into two equal 
parts; divide each of those parts into as many equal 
parts as you intend to have revolutions. If the volute 
is intended to be on the left hand, divide the part next 

to 
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to the centre on the tame tide, into two eqnal part* 
bnt for the right on the contrary ; from the point of die 
bisection^ draw two lines parallel to the diagonals down- 
ifnadB ; then tbrongh each of the diviuoni on liie line 
which passes throngh the centre^ drew lines panlU to 
the perpendicular^ catting the diagonals at bodi ends 
of these perpendicular lines; then join the i^posite 
points of each diagonal by horizontal lines^ and the 
centres will be completed upon each angfe of dhe firet; 
begin at the right hand on the upper centre^ extend the 
compass to the height of the perpendicular^ and describe 
the quadrant of a circle to the left hand ; then set the 
compass on the next centre on the left band^ and ex« 
tend the other leg of the compass to the end of the 
quadrant where, you left off in the last quadnmt : go 
the sanie way round to the next centre> and ^proceed 
in this manner tiQ you arrive, at the last quadrant^ which 
ought to touch the given circle on the upper side open 
the perpendicular. Lastly^ on the centre of the spiral^ 
and the other foot extended to th^ distance that the 
last quadrant cuts the perpendicular^ describe a circle^ 
and the spiral will be completed. 

SCHOLIUM. 

1. The common method for describing a. spiral is 
imperfect at the meeting of every fourth quadrant with 
the next speceeding one ; or, which is the same thing, 
at the meeting of each two quadrants at the beginning 
of every revolution, excepting the first, will not touch 
a straight line at the points of junction, and conse- 
quently will form a small angle at their meeting; and 
for this reason the whole curve of the spiral will appear 

lame. 

2. In 
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i. In Goldman's volate> the meeting of every two 
quadrants will every where touch a straight line at the 
points of their junction ; but the diminution of the 
space is no regular proportion ; as one half diminishes 
very rapidly^ and the other half being almost equidis- 
tant ; which fault is more discernible in this^ than the 
.lame curve of the common method^ which is not per^ 
ceptiUe to the eye but only to sense* 

S. In the method which I have shown for de* 
scribing spirals with a compass, the meeting of every 
two quadrants will every where touch a straight line at 
the point of their junction^ and the spaces are all in 
arithmetical proportion at the beginning of ieach qua* 
drant ; consequently this method is more perfect than the 
two former^ as the defects of both are remedied in this. 

Hie methods for describing volutes^ made use of by 
De rOrme and Goldman, are very limited, and not so 
general as may be wished for, to answer the' different 
purposes that they may be applied to in Architecture* 
I shall therefore show how to describe their volutes 
m a more general manner than has hitherto been done; 
so that the eye may be of any size required, and the 
volute contain any number of revolutions in a given 
height* 
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PROBLEM V. 

How to deseribe a spiral in the ^■"■■h*^ of . 
De rOrme 8 Yolute ; the peqiendiciilar hai^ 
being given. 

Duride the whde height into eight equal putti; on 
the fourth from the bottom^ or fifth fioiB the top^ m a 
diameter, describe a circle; through in oentie diav 
a line at right angles to die cathetoiy ^lich will cat 
the eye in fonr points : join the extiemitiet of diese 
points^ and a square will be inscribed in the eje; bisect . 
any two adjoining sides of the square, and draw fines 
from these points through the centre of the eye, to cot 
the opposite side of the square; divide caeh of diese 
lines, which are terminated by the sides of the aqnaie, 
into ' six equal parts : then the four outside pointS|» bi- 
secting each side of the square, are centres Ibr' die 
first reirolution, the next four are centres tar the se- 
cond revolution, and the next four, viz. those next to 
the centres, are centres for the third and last revofai- 
tion : then each of these four centres will form four 
other squares, having their side paraUel to the perpen- 
dicular and horizontal line ; then yon may proceed to 
describe each quadrant of the volute as folloi^: 

If the volute is to be on the right hand, begin with 
the left-hand centre on the top of the outside square, 
extend the other foot of the compass to the top of the 
volute, and describe an arc towards the right hand; then 
move your compass to the next angle of the same square 
on the right hand, and extend the other to the end of 
the last quadrant, and turn an arc downwards, cutting 

a per- 
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a perpendicular from its centre^ the foot of the com- 
pass remaining in that point ; contract their opening 
eqaal to the side of the square on the same straight 
line, till you come to the next centre; describe another 
quadrant^ meeting the side of the square produced ; 
again contract the compass the side of the square as 
before^ and describe another quadrant, until it cuts the 
perpendicular side of the square produced from that 
c^itre; then there is one revolution described ; now 
proceed with the second and third square in the same 
manner^ until you describe the last quadrant^ which 
will cut the eye on the upper side. 



PROBLEM VL 

I • 

How to describe the spiral to any given height, 
and to terminate at the end of any given num- 
ber of revolutions in the circumference of a 

' . . •• • 

circle, whose diameter is given. 

^ Divide the height, made less by the diameter of the 
given circle, in two more parts than four times the 
number of revolutions that the spiral is intended to 
have ; that is, if the spiral is to have one revolution^ it 
must be divided into four times one, and two more, 
that is, into six equal parts; and if two revolutions, it 
will be divided into four times two, and two, which is 
ten equal parts; or if three revolutions, it will be di- 
vided 4 X 3, aodtwo, which is fourteen equal parts ; 
thctn tak^ ha.lf the number of these parts^ and one more, 
together with half the diameter of the eye, and set it 
from the top of the spiral downwards to give the centre 

E 2 of 
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of die tpinl ; or take half the number of tboie pait^ 
made leaa by one, U^ther with half the diameter of 

' the eye, and let it on the perpendicolar line from die 
bottom upwards, which will give the centre of the tpuil ' 
as before ; then construct a square, whose centre is tbp 
centre of the spiral, having two of its sides paraHB^lB , 
the perpendicular, and consequently the other two. aft 
right angles to it ; each side of the square, beingo^ul 
to one of the equal parts before mentioned ; draw the *"■ 

' diagonal of the square, which will cut each other im ■ 
the centre of the spiral ; now divide each diagonal lute ' ' 
twice as many parts as there are to be reYolotioha> 
which will give the centres of the spiral ; and then prb- 
ceod as in the last problem. 

PROBLEM VII. 

Ml 

The centre C. of the spiral being given, the p6^ 
pendicular height C A above the centre, ailnd 
diameter B D of the eye ; to describe the 
spiral. 

On the centre C, with one half of B D, describe a 
circle, cutting A C at R; through C draw H I perpen* 
dieular to A C; divide A R into two equal parts at I; 
divide I R into one more part than the number of re* 
volutions, then set half of one of these parts from the 
centre upon each of the lines A C and H I : that is, 
from C to K, from C to I, from C to L, and from C 
to H : and through these points complete the square 
D E F G, whose sides D E, F G, are parallel to H I ; 
and D G, E F, are parallel to A C ; draw the diagonals 
D F and G E, then divide C D, C E, C F, and G G, ' 
each into as many equal parts as there are to be revo* 

lutioas. 
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hitions, and through these points draw squares, whose 
sides are parallel to the sides of the square D E F G ; 
through A, draw A 6 parallel to H I, produce the side 
of the square D G, cutting A B in B ; then on D as a 
centre with the distance D B, describe the quadrant 
B M, cutting D£ atM; on E, with E M, describe the 
quadrant M N, cutting E F produced at N ; on F, with 
the distance F N, describe the quadrant N O, cutting 
F G at O; on G with the distance G O, describe the 
quadrant O P, which will make one revolution, and 
proceed in the same manner with all the other revolu- 
tions, the centres always falling on the angles of the 
next square* 



PROBLEM VIIL 

How to describe a spiral line in the manner of 
Goldman's volute, to any given height 

Divide the height I W of the volute into eight equal 
parts, I being at the top ; then on the fourth part from 
the bottom call A B, or the fifth from the top, or B A 
as a diameter ; describe a circle, whose centre call C ; 
divide B A into four equal parts, and from the centre, 
set one of these parts on the perpendicular from C to H 
downwards, and from C to £ upwards, and construct a 
square E F G H, whose side is F G on the right or left 
side of H E, according as it is intended to be a right or 
lefuhanded volute ; join C G and C F, divide C H, C E, 
C G, and C F, each into three equal parts respec- 
tively at q, m ; n, i ; p, I; o,k ; then will E, F, G, H, 
f, ft, /, m. It, o, p, q, be the centres for describing each 
quadrant. On £, with the distance E I, describe the 

quadrant 
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lines to each of the opposite angles of the square; divide 
each of those lines into as many equal parts as there are 
intended to be revolutions ; through the points, draw 
lines parallel to the sides of the square, cutting the ca- 
thetns, forming, in all, as many squares as there are 
revolutions ; then the outside square contains the centres 
of the first revolution ; the next square, if more than 
one revolution, contains the centres of the second revo- 
lution ; and the third square, if more than two revolu- 
tions, contains the centres on its angles of the third re« 
volution ; and so on for any other number of revolutions 
above three, if required. 



PROBLEM X. 

The cathetus C A of the spiral, from the centre 
C being given, to describe it to any number 
of revolutions to touch a given circle whose 
centre is C, the centre of the spiral. 

On the centre C, with a radius equal to the radius of 
the eye, describe a circle for the eye; cutting the ca- 
thetus C A upwards at R ; divide R A into two equal 
parts at I, and divide R I into one part more than the 
number of revolutions ; that is, if one revolution, it 
will be divided into two equal parts ; and if two revo- 
lutions, it will be divided into three equal parts ; and if 
three revolutions, it will be divided into four equal 
parts, and so on ; then take one of these parts for the 
Vide of the square, and proceed as in the last problem. 

PROB- 
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6. If a solid bf ^^^ a j^iuie JVfiV quite through 
it, the figofe of that pairt or the loliil which is cat by 
the plane, is called a 



7. When any i61Id U pfejectetf' orthographicallj 
upon i( ^bncj the oothne or boimdai^ Of !^ piynection 
is caQed tbe.contbi^ or profile of the projectiofi* 

Note., ^thooghthe. term omogniphV f^^fym^ ia 
general, ^e projection Of any. plane Wh jcEi is^ pefr 
pendicnlar to the projectbg rays,.ltiil!hcmt regard- 
ing the position of the plane pn which. the object 
IS pi:o|ecfted ; yet wnters on proji^tipoi.snbatttoteit 
for devatiotf, as already* defotid ; 1^y wW^'m^ani 
it wiB be impossible, to know when we wm ^fal 
l^articnbur position 6fximi(}gfn^^ 
which is made ot a plbpe peirpenaicmar lo volt 

horiaon, ' ' < 

= ■'1. jil: 

J. 

■ . r 

AXIOM. 

If any point, line, or plan^ of any original figure, or 
object, touch the plane on which it is to be projected, 
the place where it touches the projecting plane is the 
projection of that point, line, or plane of the original 
figure, or object. 

» 

PaOPOSITIOM. 

The orthographical projection of a line, which ]& 
parallel to the plane of projection, is ^ line equal and 
parallel to its original. 

PROB- 
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PROBLEM I. 



Fig. I. 



To project the elevation of a prism standing ofk 
a pla(^ perpendicular to the projecting plane ; 
^ven the base of the prism, and its position 
to the projeicting plane. 

Let A B C D, No. 1, be the base of the prism ; let 
H F be the intersection of the projecting plane with the 
jdane on which the prism stands. 

Draw lines from ^very ^>ngh ^f ^h^e basie, cutting H F 
«it H, and F will be the projection of the points A and 
C ; thi^ angle D, touching H F at D^ is its projection. 

From each of the points H> D, F, in No. 2, draw the 
lines HI, D E, and F 6, each perpendicular to H F ; 
make D £ equal to the height of the prism ; through 
E draw I G, cutting H I and F 6 at I and G, which 
will give the projection sought. 
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To project illie ichnograpliy and elevation of a 
S^ftitie' prism, to rest upon one of its angles 
iqlipn a'pve'a point A in the plane, on which 
the icboopiipby is to be described ; given the 
iebqpgraphy A L of an angle, which the two 
vif^fir pUues make with each other; the angle 
M a I,_ which the angle of the solid makes 
witil its ichoography A L; the intersection 

■ A o of'one'of ita ends viUi the pluK of ^ 
' ichnography; th6 aii^ti 'D A a, which one 

■ side of the endiliiBite'ittAv'Witfith? intersec- 
tion A u of that ei4i bIso given one of the 
sides of the ends, and tii^'^nj^ of , tl^ .prism. 

At the given point A, with the intirMption A a# 
make an angle a AD eqnal to .die angle which one of 
the sides of the end makes with A a; mAe A D equal 
toone ofthe udes of the end; then on A Deconstruct 
the square A B C D; tbroogh the angles of the square 
B, C, D, draw lines B H, C I, and D M, parallel to 
A L; then at the point a in the right line D M, make 
an angle Mai with a M, eqiial to the angle of the 
solid, whose projection is A L with A L; make a I 
equal to the length of the solid ; through the points a 
and /, No. 1, draw the lines a e and I i, perpendicular 
to d /; through the points B and C, No. 2, draw B B. 

and 
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and G S parallel to A a, cutting D M, produced at R 
and S ; on a as a centre with the distances a D^ a R^ and 
a S, describe arcs Pg, Rf, and S e, cutting d e, No. 1, 
at g,f, e ; through the points g,f, e, draw the lines g k 
fh, and e i, parallel to a /, and No. 1 will be completed^ 
which will be the projection of the prism on a plane 
parallel to A L. Through the points g,f,t> draw the 
lines e E,/F, and g G, perpendicular to D M, or A L, 
cutting D M, C I, and B H, respectively at G, E, F; 
also through the points I, k, h, i, draw the lines / L^ A: K^ 
A H^ and i I, likewise parallel to A L^ cutting A L, 
6 M^ B H^ and C I^ respectively at the points L, K, 
H, and I; join EF, EG, and H I, I K, K L, LH, 
then will the planes E F H I, E I K G, and H I K L, 
represent the ichnography of the upper sides of the 
solid ; and if F A and A 6 be joined^ then will F A G E^ 
FALH^ and G ALE^ represent the sides of the 
solid next to the plane of projection. Then to project 
the elevation on a plane whose intersection is T U; from 
F^ E, G, A^ H^ I^ K^ and L; that is^ from all the 
points in the ichuugraphy representing the solid angles, 
draw the lines F/, E e, G g, A a, H A, I i, K A, and 
L /, perpendicular to the intersection T U, cutting T U 
at p, q, a, g, o, m, and k ; make pf, q e, g g, n h, 
i, m I, and k A, at No. 3, respectively equal to Vf, 
Q e, G g, N A, O f , M /, and K k, at No. 1 ; then join 
/a* ^g>g ^9^fy « h iK kg, k I, and la; SLudfage, 
gti ky g k la, will be the elevations of the outside 
planes of the solid ; and by joining/ A and h i,fh «>, 
fh I a, and i hlk will be the elevations of the planes of 
the solid, next to the plane on which the elevation is 
projected* 

PROB- 



A 



To fV^y^t tbe ichnography anii elevation of i 

le»r ; given a section throiigh itiiniiddle, and its 

representation when stretched o>il on a plane. 

Let fig. 1. be the lepretent^tkmof die'leiif stretched 

out oil a pkoe ; fig. S« a secdop thioagb'^ middle at 

A B, fig. 1 ; ^nd figis* a section of the Ipl'tiinied into 

the tnie fofjpa, that fiie'icho<^[riap1)y and dleyation is to 

be projected ii^U>{ ithe curve line of fig;'3?bring ^lud 

in length to fig.' £. i^at is'eqtial to A Q^ tiirongh the 
middle of fiff. i. 

, OiTide the corye line of fig. 9*iPto any nomber of 
ieqnal parts, as the points 1^ 2^ S* 4, JBlc.; Aroogh ^^se 
poiotp d^w lines.perpendiciUar to the base: B A ; take 
any line C. D in No. 1 and'£. make all the (divisions on 
C D equal to those of B A, fig. 3, aqd through these 
points draw lines at right angles. Xq C. I)* Also di^oe 
A B. fig. 1, into the same number of equial parts' as fig. 
3 is divided ; and through these points draw lines 1 a, 
9ib,3c, 8cc« catting the edge of the leaf at the poln& 
a,b, c, d, &c. take all the dutances 11 1, lOk^QiyBk, 
7 g, 6f, Ac. and apply them as ordinates firom C D, No. 
1 and 8; then the points l,k,iyh,g, &c. Will be in the 
ichnography for No. 1 and 8j and a curve f>eing braced 
through those points will give half the ichnography olt 
plan ; tbe other half will be found in the same manner: 
then to find the elevation fig. 4. on a plane parallel to 
the bottom of the leaf and in fig, 5. making any given 
angle with the bottom of the leaf^ proceed as follows : 

Through all the points 1, 2, 3, 4, 5, &c. fig. 3. draw 
lines parallel to B A, the base of fig. 3 ; through all the 
points 12, /, A:, i, h, g, &c. in No. 1 and 2, draw lines 
at right angles tx) 6 A in fig. 3. cutting the elevation dt 
tbe corresponding points 12, 1, k, i, h, g, 8cc. in fig. 4. 
also at fig. 5. a curve being traced through these points 
will give the elevation of tbe leaf. 
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THB 



EFFECT OF DISTANCE 



ON THB 



COLOUR OF OBJECTS. 



DEFINITION, 

The art of giving a due diminution or degradation to 
the strength of the light and shade and colours of ob- 
jects, according to the different distances^ the quantity 
of light which fall on their surfaces, and the medium 
through which they are seen, is called Keeping. 

1. When objects are remored to a great distance 
from the eye, the rays of light which they reflect will 
be less vivid, and the colour will become more diluted, 
and tinged with a faint bluish cast, by reason of the 
great body of air through which they are seen. 

% In general, the shadows of objects, according 
as they are more remote from the eye, will be lighter, 
and the light parts will become darker ; and at a cer- 
tain distance the light and shadow are not distinguish- 
able from each other; for both would seem to termi- 
nate in a bluish tint/ of the colour of the atmosphere, 
and will appear entirely lost in that colour. 

S. If 
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3. If the rays of light fUl upon any coloared sub-, 
stance, the reflected rays wiO be tiDged with the co- 
lour of that substance. 

' V' i. -Vic I ';i ;' '■' i ' I 

4. If the coloured rays be 'lefleclSMl upcni likqr object^ 
the colour of that object .wiQ then be compounded of 
the colour of the reflected rays, ,and the colour of the 
object ; so that the colour of th^ object which receives 
the reflection will tie' changed into anbdi^ colour* 

5. From the cloi^ness or openness of the place 
where the object is sHtatedv Vfa^ligbt, being nauch more 
variously directed, as in objects which are surrounded 
by M fii l fot^ Will be ^inore deprived:of ie£te€l»on, j^ 
cotiti^tfihay will bef'd^Wttf than those lohjects whids 
hdve'W*6tlifer ob)eets in their vicinity; eMoeptithe^inu^ 
rafnUllJtfg objeistif ans hm> 'disposed/ asi to reMcttbairiaya 
of light upon the suMninded objects. 



J 
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6. In a room, the light being more Variously di« 
reeled and reflected than abroad in the open air, (ibr 
every aperture gives an intet'to a different stream) which 
direction is various, according to the place aAtf position 
of the aperture, whereby every different side- of tha 
room, and even the same side in such a situation, will 
be variously affected vifith respect to their light, shade, 
and colours, from what they would man open^ptace 
when exposed to rays coming in the same c(irection; 

3ome original colours naturally reflect light in a 
greater proportion than others, though equally exposed 
to the same degrees of it ; whereby their degradation at 

different 
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dififeretit distanceis will be different from that of bther 
colours which reflect less light* 

iThe art of keeping a degradation of light and shade 
on objects^ according to their several distances^ colours^ 
and other circUuistaaces^ is of the utmost consequence 
to the artist. 

In orthographical projections^ where ecfual atid si- 
milar objects stand in the same position to the plane 
of projection^ they will be represented i^imilar^ and of 
an equal magnitude^ at etery distance from that plane ; 
and consequently planes which ar^ parallel to each 
other^ would not appear to have any distance; so that 
the representation of any number of objects^ at dif^ 
ferentdistances^from each other, would be entirely con- 
ftts^, and no parti<iuldr object could be distinguished 
from the others; but by a propei: attention to the art of 
keepings, every object will be distinct and separate, and 
their respective di^tano^ attd coloursfirom each other 
will be preserved ; but though a proper degradation of 
light and shade ought to be preserved according to the 
respective distances of objects from each other, artists 
in geperial ta&e too great Uberties with iiature ; w6 fre- 
quently see in the drawings of architects, the art of 
keeping carried to so great an extreme, as to render 
their performances ridiculous. 
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DEFINiTJOHS. 

I 

1 • A body which is coDtinoaDy. 
niAtier from itielf, thereby rmi 
our lente of keeingi i$ ddted m 
iUH or any other body prododng the 

fi. The stream of matter which it evittedfiaaiAD 
luminary^ is cfUled Kgkt.^ 

9. A substance or body' which fight 

tnitei is called an opaque bwfyi 

» . - , 

4« If a space be deiiriyed of li^ bj 
body, It is called a nhade. 

A. Tlie whole or port of any surfaeef otL wbSkh. m 
slittilc is projected^ is called a thadow. 

0. A body which will admit of light to pass throngh, 
is called a tramparent substance^ 

?• A line of light emitted from the luminary, k 
called a ray. 



^ It will not be expected, Aat a proper defiiiition of light 
Si a bod^ can be given, seeing it has not as yet been traced 
to ItN original cauke : some have even doubted \i% being mar 
tcrial ; Hut if so, how comes light to act upon matter, and 
thereby cause rcflectiou and other effect^ by it? Before the 
asKertion of its immateriality can be proved, it must first be 
shown, that nothing will act upon a thing which is absurd^: 
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PROPOSITION I. 

The rays of light after issuing from the laminary 
proceed in straight lines. 

PROPOSITION II. 

If the rays of light fall upon a reflecting plane^ the 
angle made by any incident ray, and a perpendicular 
to the reflecting plane^ is called the angle of incidence^ 
and will be equal to the angle that its reflected ray will 
make with the saone perpendicular called the angle of 
reflection ; these two propositions are known from ex- 
periment. 

PROPOSITION III. 

If the rays of light fall upon any curved surface, whe^ 
ther concave or convex, or mixed of the two, the angle 
of reflection will still be equal to the angle of incidence. 

PROPOSITION IV. 

Any uneven reflecting surface, whose parts lie in va- 
rious directions, will reflect the rays of the sun in as 
many different directions. 

DEMONSTRATION. 

If any ray fall upon a part of the surface which is 
perpendicular to tl^at ray, it will be reflected in the 
same line as the incident ray ; but the more or less any 
part of the surface is inclined to a ray falling upoi^ 
that part of the surface, the greater ojr less angle will 
the reflected ray make with the incident ray. For, 
ip:|agine a perpendicular to be erected to that part of 
the surface where any incident ray impinges on the 
surface, it is evident that thp measure of the angle of 
incidence is equal to the obtuse angle made by the in- 
pident ray, and the reflecting surface at the impinging 

G 2 . point 
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pointy naade lets Igr a^figbt togle;lmt the angle of re* 
flect wa is €t|iiil to die Mgleef mcidtiiae ; whefdwe i| 
follows that the whole angle-.linniltd hy'tbe iiftcidcttt 
and reflected lays^ are doable of the angle of incidence ; 
lind consequently a reflecting surface, whose perts lie 
in Taiioal^ directions^ will reflect file sim^ jrajs in as 
tnany directions. 

, Cprolbry.i Hem^vpfe^m the icMon why dbj|s«ls 
apd their pmrti Ib^opnie VfS^ |Q mt si|h( iTfa^ W 
llierse^ in sb^. 
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DEFINITIONS. 

}, If a given straight line pass through or cut a given 
plane> and if an imaginary plade be supposed to pass 
through any two points in the straight line, perpend i^ 
cular to the other plane, the angle made by the iu- 
tersection of the two planes, and the given straight 
line, is called the inclination or altitude of the given 
line, on the given plane. 

2. The intersection of the two planes, is called the 
seat of the given line on the given plane. 

Corollary. The angle made by a ray of light, and 
the.«eat of that ray, is the angle of the sun's inclination* 

3. If on the surface of any €oIid, there be any point 
or points in the surface where the sun's rays fall per- 
pendicular, this point or points which the sun's rays 
fall perpendicular to, are called points of light. 

4. If on the surface of any solid, there be any line 
drawn upon that surface, and if the line so drawn upon 
the surface be lighter than any other line that can be 
drawn upon the said surface ; then the line first drawn 
18 called the line of light. 

5. If the sun's rays fall upon any solid, and if a line 
or lines be drawn on the surface of the solid where the 
sun's rays are a tangent, or upon the place or places of 
the surface which divide the dark side from the light 
side ; then the line, or lines, so described, are called 
a line or lines of shade. 

6. If the sun's rays be parallel to any plane, that plane 
to which they i^re parimel is called a plane of shade. 

PROB^ 
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PROBLEM I. 



Giten the idioograpby and elevation of a prism, 
wbose sides stand perpendicular to the ho- 
riion, and whose icbnography is a figure of 
any kind, regular or irregular; given the seat 
of ihe sun on the icbnography, also on the 
eJefation ; and the intersection of the plane 
of the elevation, with tlie plane of the ichno- 
graphy; the representation of the point being 
likewise given on the elevation, and also on 
the icbnography, to determine the representa-. 
lion of the shadow on the , elevation. 

Through the representation of the given point id the 
plane of the icbnography, draw a line paiallcl to the 
seat of the sun's ra^s on thai jilane, and produce it till 
jt cut the intersection ; from that point oo the elevatioa, 
draw a line perpendicular to the intersection; then 
through tbe represeniaiion of the given point on the 
elevation, draw a. line parallel to the sun's seat on the 
elevation, catting the Kne that was drawn perpendi- 
cular to the interseotioQ, and that point will be the re-r 
presentation of the shadow on tbe elevation. 
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PROBLEM ir. 

Plate* 79. Fic 1. 

Griven the altitude and seat of the sun on thef 
horizon, and the intersection of a plane, 
making a given angle with the horizon ; to find 
the seat and altitude of the sun on the other 
plane. 

Let D F be the seat of the sun on the horizon, and 
D F G the angle of the sun's elevation, E F the inter- 
section of the plane with the horizon, and ABC the 
angle which that plane is to make with the horizon. 

Produce D F tijl it meet £ F in F ; through any point 
D, in the seat D F> draw D G perpendicular to D F, 
cutting F G in G ; also through 1) draw t> K perpen- 
dicular to E F, cutting £ F in E ; through D draw D I 
perpendi<:;ular to D K ; make the angle D £ Gt equal 
to the given angle A B: C ; make I> I equal to D G ; 
through I, draw I H perpendicular to E H, cutting it 
inH; makeEK equal to EH; join KF*; from K 
make K L perpendicular to K F ; from K make K L 
equal to H I ; join L F ; then will K I be the seat of 
the sun on the other plane, and K F L will be the angle 
of the altitude. 

■ If the plane KEF stands perpendicular to the ho- 
rizon, as in fig. 2. the operation will be m.ore simple, as | 
follows, the same letters standing for the same things : • * 

Make E K equal to D G; join K F; draw K L a» , 
before, and make K L equal to D E; join L F; then 
will K F be the seat of the sun on the horizon, and 
K F L be the seat of the altitude: 
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PROBLEM III. 

Plate 80. Fig. I. 



n 



' .Given the ichnography A B C D E F G H I K, 
and elevation L M N O of an upright prisnij 
whose base or ichnography is a regular poly- 
gon, and the seat of the sun's rays on the base; 
to determine the various degrees of light and 
shade ou the different sides of the prism. 

Let P Q in the ichnogniphy be the seat of the sun; 
r and if it cut C D perpendicular, then will C D be the 
lightest side of the prisin, the sides D Eand C B will be 
a small degree darker, as P Q 13 more inclined to D E 
and C B; and in general, according as the sides recede 
on each side of C D, they will be continually darker, 
UDlil ibey become wholly deprived of light ; then suppose 
the sun's rays to touch the side G H, then G H will be 
the plane of »hadc, or that side where the light will end. 

Much in the same manner may the difierent degrees 
ofshadebefoundon lhesurfaceofacylinder,a3iDfig.2, 
where A B C D is the ichnography, and G H I K the 
elevation : that is, if B P be the direction of the sum's 
rays, cuttinj; the ichnography in B^ then wiU B be the. 
lightest place; and it will be continually darker and 
darker in each sideof the point B, until it arrives at the 
point C, where the ray touches the aide of the cylinder; 
and there the light will end, and the darkness begin, 
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PROBLEM IV. 

Fig. S. and 4. 

To represent the boundaries of light and shade 
on the elevation of a cone illumined by the 
sun, given the angle that any ray of light 
makes with the base of* the cone ; also to de- 
termine the line of light, or that place on the 
surface that will be the lightest 

Let A £ D be the elevation of the cone, and let 
F I L 6 be the icbnography or base of the cone ; let F L 
be the seat of any ray in a plane> passing through the 
axis, and let the angles M L F, £g. 3. and L F M fig. 4. 
be the angles which a ray of light makes with the base 
of the cone, and let F N L be a section of the cone pas- 
sing through the axis, und through F L ; consequently 
the rays M L and F M, will be in that plane. 

Produce the rays M L and F M, if necessary, until 
they cut the sides of the section N F and N L j fig. 3. will 
be cut at the points M and L, and fig. 4. at the points F 
and M : bisect each of the lines M L and F M ; and 
through N, the vertex of the cone, and the point of bi- 
section, draw \N K ; through K, draw I K G at right 
angles to F L ; through the points G and F, draw the 
lines G C and F B, perpendicular to A D, the repre- 
sentation of the base, cutting A D at B and C in the 
elevation, and join B £ and C £: then will B £ be the 
lightest line that can be drawn on the surface of the 
cone, and C E will be the representation of a line 
which will divide the light side of the cone from the 
dark side, and B E C will be the representation of half 
the enlightened side of the cone. 
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PROBLEM V. 
Plate 81. 
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Given the ichnography and elevation of a poly- 
gonal ring, or a. ring made of cylinders of 
equal lengtlis, and !nal;ing equal angles wilb 
each other, to determine the representation of 
the boundiiries of light and shade, on the ich- 
nography and elevation; the aun's altitude, 
and seat to the plane on which the ichnography 
, is described, being given. 

liet A C be Ihe seat of the sun in the plane of the 

ichnography, cutting the thickiiesa of the ring at A 
and B ; lot A C D be the angle wiiich the sun's rays 
muke with the plane of the ichnography, or seat A C. 

' Biseet A 'B'mc; with the radiHs c A or c B, deccribe 
a circle j and through the ceBtre c, drsw c d parcel to 
C D, (iutling the cirrfe at d;- also through e, draw the 
line ii 4j at right angled to i d, catting the eiKl^ at a 
tAd b; through the points d «id b, draw liDe» {lardlid 
*4thedide8 Aand B of the ring; then the dark Hue neai> 
est to A> will represent the line of light ; and that which 
is nearest to B, will represent that line which separates 
the light side from the dark side; 

To find the lines of light and shade on the next side 

of the ichnography : from the centre C, draw C E at 

right angles to the side E, cutting the sides E and F 

at E and F ; through the point A, draw H A G at right 

■' angles 
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angles to E C, cutting EC at 6 ; from G make 6 H 
equal to A D ; join H C, and bisect £ F at c; then 
with the radius c £^ on c F, describe a circle, and 
through its centre c, draw c k parallel to C H> cutting 
the circle at k ; also through c draw p/at right angles 
toe k; through the points k and^^ draw lines parallel 
to the sides E and F : then will the line next to E^ that 
cuts £ F at j9^ be the line of lights and the line next to 
F, the line of shade. 

In like manner proceed with the sides I and K: 
that is, through C, draw the line C I, at right angles 
to the side I, cutting the sides I and K^ at I and K; 
bisect I K at c ,' with the radius c I or c K, describe a 
circle; through the point A^ as before, dra\^ the line 
A L perpendicular to C I, cutting C I at L; from L, 
make L M equal to A D ; join M C ; through c, draw 
cm parallel to C M, cutting the circle at m; also 
through c, draw g h perpendicular to c m, cutting the 
circle atg and A ; then through the points mamd h, draw 
lines parallel to the sides I and K : then the line next 
to I, which cuts IK at s, will give the line of light, 
and the line next to K the line of shade. 

In like manner to find the common boundary of light 
and shade, upon that side of the ring next to the ich* 
nography, draw lines through the points a, p, g, parallel 
to the sides A, E, I, as are shown by the dotted lines, 
which will give lines of shade on the under side of each 
cylindrical part. The lines for one quarter of the ring 
being found, the other quarter, on the oth^r side of the 
seat A C, may be found from the last quarter, each being 
in the same order, receding from the line A C, or 
drawing towards it. One half being now found the 
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saphne passing through 
i, at the points P, Q, 
SCOta^cPBc^w/i. frmQ. make QE 
MM^Mf e;fi«akN.Ha^ S Deqaalio mdi trom O, 
^■te O A «^m1 ta • « i tbm thravgh ibe points H, 
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tht crltitdncttl pait A B, on cad) side of it, and coose- 
(joentW «ill bar RpRseniefl on each of the cylindrical 
psTtj ti^. S, etjuidktant Irom A D,at the same altitgde ^ 
then make i* ^I and Q E, the De\i cylindrical part to 
the cetnrv ot" the eleraiion, eijnal to P H and Q E, oo 
the ouifide cvlindrical pan, which the side E F on the 
ichnos;ra}>ti_v represents; make S M and R G, in the 
elevation, eqnal to s n and r g, on the ichn<^raphy ; 
tile height of the lines on each side of the elevation re- 
presenting 
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presenting the light and shade, being taken from iu 
porresponding place on the ichnography, as already 
shown, will complete the lines of light and shade oii 
.the elevation. This preparation is necessary to the 
Hiding of plate 82. 

, OBSERVATIONS. 

■.•-•1.1 

1 • If the seat of the sun's rays be drawn on any plane, 
and if a cylinder lay on that plane with its axis perpen- 
dicular to its seat, and parallel to the plane, the lightest 
line on the cylinder will be nearer the plane in this po. 
sition thjin in any other. 2. But if the axis of the cy- 
linder make oblique angles, then the line of light will be 
higher on the cylinder. 3. Again, if the axis of the cy- 
linder be parallel to the seat of the sun, the lightest line 
on the cylinder, in this case, will be at its greatest 
distance from the plane, because then the line of light 
win be where a plane passing through the axis of the 
cylinder cuts the upper surface perpendicular to the 
plane on which the cylinder lies ; the line of light in 
the first position of the cylinder, is brighter than the 
line of light in the second position of the cylinder^ 
irad the line of light in the second position of the cy- 
linder is brighter than the line of light in the third 
position of the cylinder ; the axis of the cylinder in all 
these cases being parallel and equidistant from ^the 
plane of the ichnography : consequently the lines of 
light in. the 'first and third positions of the cylinder, 
are the extremes of all the varieties which happen be- 
tween these two positions: that is, the first is the 
lightest possible, and the third is the darkest possible. 
The boundaries of light and shade, caDed in this book 
f:h£ lines of shade, or those lines which separate the 

light 
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Ugbt side from die dark side, «re dwaji mt a qvad** 
rant's distance from each other ; and cmiseqnently that 
arc which is the nnder line of darkness in the first posi^ 
tion, will be higher in the second position, and still 
higher in the third position ; and if a plane be made 
to tonch the cylinder upon that line^ it will be per* 
pendicnlar to the plane on which the cylinder lies, and 
therefore its ichnography will he represented by the 
edge of the cylinder. Now suppose the cylinder to be 
turned round by moving continually the same way, 
until the axes of the cylinder come into that posidon in 
wliich the axis would be perpendicular with its seat; 
then the line of darkness would be ip its highest position. 

The example of this polygonal ring^ is to show the 
manner of shadowing cylinders^ in different positionsji 
when dieir axes are parallel to the same plane ; thU 
will be more clear^ by comparipg plate Qt with ^. 



PROBLEM V. 

To find the lightest line, also the line that divide 
the lightest side from the dark side on the ich- 
nography and elevation of a circular ring. 

Let A C be the seat of the sun^ or any line parallel to 
it passing through the centre C of the ichnography fig^ 
1, cutting the thickness of the ring at B and'H ; and let 
B C D be the sun's altitude ; take the point G, at one 
quarter of the circumference of theriqg, distant from 
the point \i ; and take any points E and F in the cir- 
cumference between B and G, and draw the lines E C, 
F C, and G\ C, cutting the insiue of the ring at I, K, 

and 
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and L; through the point B, draw the lines B M, B N, 
and B U, each respectively perpendicular to E C, F C, 
and G C, cutting E C, F C, and G C, at O apd P ; 
make O M, P N, and C U, each equal to B D ; join 
C M, C N, and C U, on B H, E I, F K, and G L, as 
diameters^ describe circles^ whose centres are a^ b, c, 
a; through these centres draw the lines c d^ c m, en, 
and w u, parallel to C D, C M, C N, and C U, cutting 
the circles at a^ m, n, u, and c, c, c, w ; also through the 
centres a, b, c, v, draw lines i q, p s, ky, and L G^ re- 
spectively perpendicular to C D, C M, C N, and C U> 
cutting the circle at i^ q, p, s, k^ y, L, and G. 

Through the points d, m, n, u, draw the lines dg, m e, 
n 0, and u v, perpendicular to the diameters B H, E I, 
F K, atid G L, cutting B H, E 1, F K, and G L, re- 
spectively at the points g, e, o, v ; draw a curve Which 
will be part of the line of light for one quarter ; also 
; through the points q, s,y, draw the lines q r,s t, and 
y X, cutting the diameters at r, t,x; then through the 
points r, t, x, and L, draw a curve line r t xL, which 
will be the upper line of shade for that quarter, or that 
line which divides the dark side from the light side, upon 
the upper side of the ring on that half which is next 
to the luminary. 

One quarter being now found of the line of light and 
shade^ on the ichnography of the visible side of the 
ring, the other three quarters will be found from that 
quarter which is already founds in the same manner as 
in the last problem, and the points 1), M, N, U, also 
I, P, K, G, in the elevation ; the curves D, M, N, U, and 
I, P, K, G, being drawn, then D M N U will be the 
line of light, and I P K G the line of shade. 

Observatiom 
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I:. • * .^.'irr.zr^v'.T. £z. !. -ie soi^isr and Q in die 
^-.^ f/f .32t/.. wn rr. gr* c.ast^'xk-ij opposiie toeudi 

iirj#!, b'x-au's': the kiln's r&js «tnke ibe lin^ pcrpcndi** 
Cfji&r :;i *^«4^ tvo points in iba: li^e, bat ac no other; 
sxiA ch<: ftfj'iTiU t, o, z, 13 they i^ecctie from g, wiB be 
$.y;2/Jl<ja«iy da/kcr and darker: then toe line of light 
ou c;;f:M ^ifi': of ilic point g will be darker and darker, 
vtiiit it arr.\C'S &t a cjuadraots distance on cadi side 
of it: ximX it, at v and R: then the points v and B, 
will U: darker tlian any oifaer point or points taken in 
tlic line; oni;;lit; and the points U and r, which repre-* 
k<:nt th^: highest poiritf; of the ring, will divide the thidu 
iiess of the ichnography into two equal parts at these 
points. 

Ill ill': iino of hhade^ namely, tliat line which is most 
f\i -.U/it i'l on I the plane of the ichnography, which will be 
ih<: ij[j|jcj' line of shade, on tliat half of the ring which 
i% n<:xt to the luminary, at the point r, it will be 
hi;.^h<:st ; and as it recedes on each side of the point r, 
if, will he lower and lower, until it arrives to the opposite 
^ide of thcr ring, which will be the lowest point upon the 
y.Ulfi ;it S and L; at a quadrant's distance from H, it 
will toiHih the inner ichnography at S and L ; that is, at 
half iJie height of the ring from the plane of the ich- 
ijo/'jiMpliy. 
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PROBLEM VII.* 

Plate 85.'* 

To represent the lines of equal gradation on the 
surface of a sphere given ; the seat of a ray 
of light on the plane of projection^ and the 
elevation of the ray. 

Let A B be the diameter of the sphere and seat of 
the sun. Find the centre C^ and describe a circle with 
the radius C A or C B ; this circle will represent the 
contour of the sphere. Make the angle ACD equal 
the elevation of the ray above the seat C A ; and let 
C D be produced so as to cut the circumferent line 
in D and £. Draw the lines F G, H I, K A, L M, 
N Oj P Q, perpendicular to D E^ to cut the circle at 
the points F, G, H, I, K, A, L, M, N, O, P, Q, then 
will F G, H I, K A, L M, N O, P Q, be the diame- 
lers of circles which have equal intensities of light 
around each circumference on the sphere. Dlliw 
D R, G S, F T, H V, K C, L W, N X, P Y, perpen- 
dicularto BA; then R will be the projected point, 
representing the lightest point on the surface ; T S is 
the shorter, axis of the ellipsis, and F G the greater. 
Describe the ellipsis a T b i, which will represent 
a circle of equal intensity of liglit in every part 
of its circumference on the surface of the sphere. 
In like manner, if the ellipsis c\ d t be drawn, it 
will represent another circle of equal intensity. Pro* 
ceed in this manner, and represent all the inter- 
mediate circles of the sphere to that^ the diameter of 
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l^ROBLfiM VL 

Given the idhnography and elcvatiori of a fcy^ 
Under, having a square projecture or abacus^ 
and the seat of the sun on the ichnographyy 
also its seat on the elevadoh; to fiiid the 
shadow of the abacus, also the lide of light 
and shade on the cylinder. 

let A H t K ti M N 6 B be the icimograpby of the 
Cylinder ; D £ F (3 be Ibat df the abacus ; V W the 
elevation of the cylinder ; and £ F the elevation of die 
abacas ; let C F be the seat of one of the isun's rays on 
the ichnograpby, passing ibfough ibe centre C ; draw 
V 0, making ah angle with E f, equal to the angle 
which the seat of any of the rays make with £ F ; 
through C> draw C H, perpendiculai' to C O, catting 
the ichnograpby at H ; between the points H and 0> 
take any points !> K> L, M^ and N ; then through the 
points H, I> K, L, M, N, draw lines B B, 1 Q> K R, 
L S, M T, N U, parallel to C F, cutting H P at P, Q, R, 
S, T, U ; through the points, P, Q, R, S, T, U, draw 
lines parallel to F o ; also through the points B, 1, K, 
^3 ^3 N, O^ draw lines H h,l i, K A, L /, M i», N », 
Oc^ parallel to the sides of the cylinder^ cutting 
P A, Q I, R A, S /, T «i, U «, F 0, at the points h, i, k, 
I, m, n, ; through these points draw a curve^ and it 
will be the shadow of the abacan^; H h will be the 
line of shade^ and O o the line of light ; this appears 
clearly by the shadowed plate 86 « 
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PROBLEM VIL 

" ■•■«... . 
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Ghta tiiK idmi|^«phf and dmratibn cif a ejr- 

prty ct kwK»»tr.dt ; 

ift«Ml«ttliK daialm bains p«e»; to find 
Ak- ahailMraff fhit^fogHtne «ia the ^Uncler ; 
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BFG B IBbefhaidwofnfliy of the cy. 

K C L M N O P 4t)h<^ idiwMiQipbj 6ir the 
profcctioa; Ik FTW Ae cleilidM bf ^ c^inder, 
Mi T S ikftoTlfepRJeclw: dwkt C bie the sett 
of dbeanl^wn^ PhmbS dm^^ ^ ceutie C of the 
i t ho ognyhj^ Md • i^ ^ mmi of dM^ m on the de- 



nmi^ C» diw CD fwptoiiiolMrj cottiag the 
ciTvumtieRnce of the iooer onrde at D, take any point 
£» F. Gy I, B, in the ciicooifiemice, diaw the IiDes 
D K. £ U FM, G N, H O, I P^and B O^ parallel to 
C H^CQlUDgtkeoatoardcifdeaithepoaitsK^ L,M, N, 
0» P» Q; ftxMD the points D, E, F, G^ H, I, draw Uie 
lines Dd, Et, F/ G|r, H A, 1 1; abo throagh the 
points K» I^ M, N» O, P, Q, diaw die Enes Kk,L I; 
M «,N o«Oa,P^,Qf,cattiD5VSatdiep(MntsAr^ 
I, «> »» o.F* f » thnw^ the ponits *, I, m, o, o,ji, q, 
draw it if> / r. «/, o £« • A^P t\ parallel to o i, cutting 
the D rf, E f • T f, G •, H A, I i, at the points, d, e,/, 
^, A> I : a cnrve being traced throngh these points, will 
be the representation of the shadow upon the cylinder: 
D d will be the line of shade, and H the line of light. 
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PROBLEM VIIL 

Plate 87. 

The itbnograpby and elevation of the prism stand- 
ing upon a polygonal base, baving the projec- 
ture or cap of the same figure upon it, project- 
ing equally over its sides ; given the seat of the 
sun's rays on the plane of tlie icbnography, and 
also pn the elevation ; to project the shadow of 
the cap on the prism, and also on a plane pa- 
rallel to the axis of the prism. 

Let A B C D £ F G be the icbnography of the prism^ 
H IJ K L M N the icbnography of the cap WA, and 
G P, parts of the icbnography of the plane on each side 
of the prism, J W be the projection of a ray on the 
icbnography, and j' w one on the elevation. From all 
the points H, I, J, K, L, M, N, in the icbnography of 
the angles of the cap, draw the lines llh,I i, Jj, K k, 
LI, Mm, N «, perpendicular to W P, to cut the under 
side of the cap at h, i,j, k, I, m, n. Draw the lines 
A 4 «, B 5 6, C 6 c, D 7 rf,,E 8 e, F 9/, G 10 g, per- 
pendicular to W P, cutting the bottom of the prism at 
4, 5, 6, T, 8, 9> 10, then the lines Aa,5 b,6c,l d,^Cj^ 
9f, 10 g, represent the angles on the elevation. Draw 
the lines H Z, I X, J W, K Q, L R, M T, N U, parallel 
to J W, cutting the icbnography of the plane at the 
points Z, X, W, and the icbnography of the prism, at 
Q, R, T, U. Through the points h, i,j, k, I, m,'n, the 
projection of the angles of the cap on its under edges^ 
and parallel toj w, draw the projections of the rays h z, 
ix,j w,kq,lr,mt,n u. Draw the perpendiculars Z z, 
X .«, W ts;, Q y, R r, T ^, U ii, then the points z, x, w, 
are the projections of the angles of the cap on the plane, 
and q, r, t, u, the projection of the other angles on the 
elevation of the prism. Draw C Y to touch the prism 
at C, and draw Y y perpendicular to W P, then Y y 
will be the termination of the shadow of the body of the: 
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PROBLEM IX. 

Given the seat and altitude of the sun on any 
plane, also the seat and altitude of a line to 
the same plane ; to determine the shadow of 
the line upon that plane. 

Let K L be the seat of the line upon the plane^ and 
^ 6 I the angle which the line makes with its seat ; 
make the angle M K L equal to the angle H Gr I ; 
through L draw L M perpendicular to K L^ cutting 
K M at M ; also through L draw L O parallel to the seat 
of the sun ; again, through L draw L N perpendicular 
to L O, ^nd make L N equal to L M ; then upon the 
right line L N, and from the point H, make the angle 
L N O equal to the compliment of the angle of the 
sun's inclination to a right angle; produce N O, cut- 
ting L O at O ; then join the points K and O^ and 
the line K O will be the shadow required. 

This problem will be found of great use in finding the 
shadows upon inclined planes. 

Jilote* If the seat and altitude of the sun be given on 
any other plane, making a given angle with the 
plane on which the shadow is to be projected; 
the sun's altitude and seat may be found by 
J^robleip II. 

PROB. 




PROBLEM X. 



f the n 

of a 1 



GiTen tiw seat and va^e of iacbnadon of 
*un oo ibe horiion, and the intersection of a 
plane pcrpeniiioulw W the boriion ; to deter- 
mine the angle* which a plane of shade made 
by a right line, parallel both to the horizontal 
ud perpendicuUr plaoes. will make with each 
•ftbepUoes. 

h^ ^ H ^ ^t ^1^ of tbr flu oa ihe horizoD, and 
y ^ ^ ^. M,^y4' nciMuuoQ to the seat A B, aad let 

^M9ivWMi«t'apUnepc«p«adu:aW totbe 

.. .Mijt p«te Cm C B, aad from C, draw 
■.■'<-tlMtoC Bycatung A Bat Aj&omA, 
U|lA'> V t-i>^'tpcndici)UruiAC,aii(t ADp«Tp«tidicalai 
W \ B» vutiing D B at D ; make A E e^nal to A D, 
%ndi j«te C E^ then will tbe angle Q C E be die aii^ 
whidi the plane of shade makes widi ibe pecpewl^c&W 
plane, and tbe angle ACE tbe ao^ wfaicb ^ne jJans 
of shade makes with tbe borizon, 

This problem wiD be very useful in shading monldT 
in^ which project from planes that stand perpendi- 
cuiiir to tlic horizoD, the sun's altitude and seat being 
given to the horizon ; as will be shown in the next 

problem. 
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PROBLEM XL 

Plate 90- 

A moulding of any kind being given, and the 
angle -which a plane of shade makes with a 
perpendicular part of the moulding, either 
being given or found by the last problem, 
having the sun's altitude and seat on the hori- 
zon; to determine the shadow on the moulding. 

Let the ovolo, fillets^ and hollow^ fig. 1. be the given 
moulding ; draw C D parallel to the inclination which 
the plane of shade makes with the vertical part of the 
moulding, touching the ovolo at C, and cutting the 
vertical part below at D; then a line drawn through 
D perpendicular to the fillet will give the lower edge 
of the shadowj and an imaginary line supposed to be 
drawn through C, will give the line of shade; and if a 
line is drawn through A, the lower edge of the fillet 
' above the ovolo parallel to C D, cutting the ovolo at 
C, then a line being drawn through B^ parallel to the 
fillet^ will give the edge of the shadow from the fillet. 

Much in the same manner may the shadow upon the 
cima reversa and cima recta be found, as shown by the 
dotted lines. 
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fikce which will reflect the sun's rajm entirely in the 
same direction that is paralld to eaclrother, but a great 
part of them will be reflected in all manner of direc- 
tions: it will be also necessary to observe, that the 
power of reflection will depend very much on the light- 
ness of the colour of materials ; for the darker any sub- 
stance is, the more will the rays of light be absorbed in 
that substance, and consequently will have a less power 
to reflect. 

White being, the lightest of all colours, it will there- 
fore reflect the most rays ; and the more any substance 
inclines to a white, the greater power will that surface 
have to refl'ect the rays of light. 

. Observations an Mouldings in Shade. 

Casx I. 

If the sun's rays fall upon any building; lilso upon the 
ground or horizon below the building ; and if there are 
any projectures from the building, such as mouldings 
or other ornaments, and if any of the parts of those 
mouldings or ornaments are entirely in shadow by the 
projecture of sotnething else which prcMrents the rays 
from falling upon them, those parts of the mouldings 
which are in shade will become visible ; for, besides a 
Deflection from the ground, there will be a strong re- 
flection ftom the surface of the building, immediately 
nnderthe mouldings or ornaments. It has already been 
observed, that these rays will be reflected in all direc- 
tions, and consequently a part of them will be refined 
upwards on the mouldings above, and therefore will 
show light and shade on the mouldings, according as 
the reflected rays fall, more or less perpendicular on 

their surfaces. 
%i Tox.. II. K Hence 
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a why fti) perpendicalar sides of fit 
tit Ibaa the horizoDtal sides. 

Mm wifc liKf iag » pnyclare over it, so as to prevent 

gaiAiBjF* from lalliog upoo it, the rejected rays 

ioclii»«l from ihe ander edge to- 

Ai ii|wi edge, it will thert^fore be lightest below, 

sin he gndiMll; diukct and darker upwards. 

A tmett* oriv/Aw, immersed in shade, nill, for tlie 
HMw rOHM*. be iMktat below, and wtll be contiDually 
^[btct to tbe wpper e<ig<. 

A r im mrrVK nm , io shack, will be darkest above and 
btb«, and ligfacrst in the middle ; for this moaldiDg is 
of aa ovoio aborc, sad a careUo below. 



Attmrnm-'ta, in shade, will be tigblest above and 
WIow, aad <Urke» in the middle. 

Hime are genffal rules for shadiog hotizoDtal 
mooldin^ 

OiMrvatifHs vm vertical Mouldings. 
Case II. 
All uphgbtor perpendicuiar moaldings, in »hade, cm* 
being in part so, will receive a reflection from those sur- 
faces which are ne.\t to tbem; for they cannot receive 
« reflection from the contrary side, by reason of their 
projection, nbicb will prevent tlie ray tliat is reflected 
from that side from tailing on them. 

Therefore it is plain, in these cases, the forms of 
mouldings may be known by reflection. 

Artists 
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Artists give this rule for shadowing : that is, to shade 
^ mouldings or other ornaments which are in shade, in- 
verse to those on which the sun's rays fall, from the con- 
toury side of the reflected rays. But this rule is not 
only very uncertain, depending much on the situation of 
other objects which surround these mouldings or orna- 
ments, but in some cases very erroneous, as in the example 
of mouldings perpendicular to the horizon : for mould-* 
-ings in this situation, as iias been observed, will receive 
a reflection from that side which is next to the front of 
the moulding, if something else does not project to a 
great distance from that surface from which the reflec- 
tion comes. If a cylinder or column is attached to a 
wall in a vertical position, and if it has any projecture 
over it, so as to cause that part under the projecture to 
be in shade quite round the cylinder, there will not only 
be a reflection from the wall on the contrary side of the 
cylinder, to the sun upon that side of the cylinder which 
is next to it, but also from that part of the wall on that 
side of the cylinder next to the fiun, which will make 
that part of the cylinder which is in shadow lightest at 
the two sides and darkest in the middle. Something of 
the same kind may be seen in Ionic columns attached to 
a wall ; where it may be observed, when the sun shines 
upon one side of them, suppose that side of the column 
which is on the right hand, then the right hand vohite 
will throw a shadow upon the light side of the coi- 
lumn, which shade will be lightest on that edge which 
is next to the wall and to the luminary, and darkest at 
that edge next to the middle of the column. 

K 9 
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Observations on Mouldings^ in Shadc^ 
situate on the Side of an Object which is 
entirely in Shade, and also the Ground under 
that Side in Shade. 

Cask III. 

In a bttildiog where cme end or side is entirely in 
shade, and also a great part of the ground under that 
end in shade, there will be little or no reflection firom 
the ground upwards, nor from the surface of the build- 
ing, and c!onsequently Uttle reflection upon the mould- 
ings from bdow : the only light which they receive is 
from a kind of scattered or confused rays in the atmos- 
phere, and small. reflections from the horizon; and 
therefore horizontal monldiugs, or ordaments, in this 
situationf, which have but small projectures over them^ 
will have a contrary effect to mouldings in shadow, si* 
tuate on the li^t.side of an object. . 

An ovolo placed Horizontal, and whose greatest pro* 
jecture is upwards, upon the dark side of an object, 
will be lightest above^ and continually darker and darker 
to the under edge. 

A idvetto, having its greatest projecture upwards, 
placed horizontal on the dark M^ of an object, will be 
darkest above,' aAd continually lighter ' and lighter to 
the under edge. * 

A cimareversa, placed horizontal on the dark side of 
the object, having its greatest projection upwards, will be 
darkest in the middle, and lightest above and below. 

A 
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A cimarecia, whose greatest progectuie is upwards^ 
and placed horizontal^ will be darkest above and below^ 
and lightest in the middle. 

An horizontal projectures on the dark side of an ob* 
jeet will condense the shade under them, and conse- 
quently will appear more or less dark^ according as the 
projecture is more or less. 

These are general rules for shading mouldings on the 
dark side of an object from scattered light ; however, 
there are some exceptions to these rules; that is, when 
tmy of these mouldings have a very great projecture 
over them, this projecture will hinder the scattered 
rays from falling upon the mouldings; but as they 
will receive a small reflection from the horizon 
below, and therefore the most of the scattered and 
reflected rays will fall obliquely on the moulding; 
thus the lightest place of an ovolo will not be ex- 
actly on the under edge, but somewhere between the 
under and upper edge, and will be nearest to either, 
according as the shadow on the ground is less or more 
distant from that side of the object, and according as 
the projecture over the moulding is more or less, and 
also according to the position and distance of other 
surrounding objects ; all these different circumstances 
combining together, will vary the places of light and 
shade on horizontal mouldings, which are situate on 
the dark side of an object. 

An horizontal cavetto on the dark side of an object 
having a projecture over it as before, the lightest place 
will be somewhere between the upper and under edge, 
as in the ovolo, and both mouldings would have actually 

the 
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the MRic appearance if their profiles could not be ob- 
served ; when most of the scattered and reflected rays 
are in a plune, making e([ual angles nith thehorizon, and 
with that side of the object in shade : that is, forty-five 
degrees with each other ; and consequently mouldinga in 
this situation willbe less distinct ihan mouldings in shade, 
on that side of the object which the sun shines on. 



I 



Further Observations on the Effect that re- 
Jitcled Light will have on Cornices^ which 
have Modillions or Alutules, Denteles, S^c. 
or any other projecting Ornaments of a 
nature similar to them. 



The reflected light from the ground and from the ob- 
ject being scattered in all directions, it will therefore 
follow, if there are any projecting parts from moulds 
ings, or cornices, which are in shadow, such as mutules, 
modillions, denteles, &c. these projecting parts will 
hinder a great part of the scattered rays from falling in 
the spaces between them ; and therefore the spaces will 
be deprived of reflection, and consequently will be 
much darker than the prominent parts, even if these 
prominent parts were also in shadow. 

For this reason the intervals betweeo mutules* 
modillions, denteles, 8cc. are darker than on their 
fronts; for every projecture will condense the sha- 
dow on each side of it, if recessed on both sides; 
therefore the spaces will be lightest in the middle* 
and diu-kest nearest to the edges of the mutules, modil- 
lions. 
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lions, dentdlesy Scc^.; but to show on which side of jthe 
motules. Sec. the greatest shade would fall, according to 
the place of the luminary, would be almost impossible^ 
as it depends so much on the situation of other objects. 
But suppose all the surrounding objects in the vicinity 
to be removed, and the ground and building to be of 
a light colour, and suppose the rays to. proceed from the 
right to the left-hand of the object^ and parallel to a 
vertical plane which is inclined at an angle of forty-five 
degrees with the elevation of the object ; then it is plain, 
that since the-«ng1e of reflection is equal to the angle of 
idcidence, the greatest part of the rays which fall upon 
the horizon will therefore be reflected from the ground 
parallel to the vertical plane; and seeing that the vertical 
plane would be on the right hand of another vertical 
plane peirpendicular to the face of the object, and to 
the horizon, it will therefore follow, that most of the 
rays will come from the right hand, and be reflected to* 
wards the left on the object ; and consequently any pro- 
jectnres from cornices, as mutules, &c. which are in 
shadow, will condense or darken the shade upon the left 
hand of the projecture ; and that vertical side of the mu- 
tules which is next to the luminary, will be lighter than 
the other vertical side on the left of the mutule, &c. As 
to the direction and effect, which most of the re- 
flected rays would take from the face of the object, ima- 
gine a plane parallel to the sun's rays, and perpendicular 
to the face of the building or object; then most of the 
rays will be reflected from the building or object down- 
wards, parallel to this last mentioned plane; and that 
part of these rays which are reflected upwards, would 
take no particular direction to the right or to the 
left, and therefore would cause no sensible difference 
upon the vertical sides of the mutules, but would reflect 
most light upon the horizontal or under sides, &c. 

What 
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What has now been said of monldinga in diade having 
projectnres from them, or of the leccMc d parts of any 
object, will apply to ornaments in shade which are 
deeply relieved; for their recessed parts^ according to 
the foregoing observation^ will be deprived of reflection 
by the more prominent parts of them ; they will there- 
fore be darkest in their receding parts, and lightest on 
the prominent parts. 

Observations on the Shades of Frqjectures 
from Buildings^ or from any other plane 

Surface which is made of light Materials. ' 

• 
If there is any vertical plane, and if a rectangakr 
prism is attached to that plane, having two of its sides 
parallel to the plane, and consequently th^ other two 
sides perpendicolar to it; then if the sun-shine on die 
plane be on either side of the prism, the other op- 
posite side of the prism will cause a shadow to be pro- 
jected from its edge upon the plane ; and if the shadow 
upon the plane be of no considerable breadth, and 
if tbe plane be extended at any considerable dis- 
tance beyond the sbadbw, then the lightest part of 
the plane on which the rays fall, will reflect a great 
part of tbe rays toward the prism : but as these re- 
flected rays will not fall upon the shadow, it will 
therefore be deprived of reflection : but as the side 
of the prism which projects the shadow is opposed 
to the reflected rays, that side of the prism will 
receive a strong reflection, which will cause it to ap* 
pear much lighter than the shadow it throws on the 
plane; but if the shadow be projected farther on the 

plane 
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plane^ it will diminisb the reflecting surface behind the 
pKi$ni) and will also canse the reflecting surface to be at 
a greater distance from the side of the prism^ and con- 
sequently will receive less reflection from the plane; and 
in general the reflection on the prism will be continu- 
ally diminished; according as the shadow on the plane 
is increased; till at last there will be no diflerence be- 
tween the shadow on the plane^ and the side of the prism 
which projects that shadow ; and if the plane be entirely 
deprived of light; by the extensive breadth of the 
shadoW; the side of the prism will in general be darker 
than the shadow on the plane: but this will depend very 
much on the situation of other objects. 

A building consisting of light coloured materials^ hav- 
ing a break in the front which projects a shadow on the 
building; at a small distance from the break; will; for 
the reason before mentioned; be much lighter on the 
side of the breaks than the shadow projected by it on 
the building behind it ; also columns which are attached 
to a wall; will project a darker shadow on the wall; than 
any part of the columns which throw the shadoW; pro- 
vided that the shadow is not at any considerable distance 
from the column; for, according to the above observa- 
tions; the broader the shadoW; the less the column will 
appear to be relieved from it. 
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Ohnervatiom on the light Side 0/ the Prim, 
and the Effect that a Refiectiom fnm the 
Horizon and from the Object vill k^ce am 

the Plane behind the Prism. 

Tlw rajFil of the ran beiog reflected frooi the honzos 
In nil ilirecilont, tbc projecture of the pmn will tfaen- 
fiirn )>rt? vent a [wrt of the rejected rapfromproocfidiag 
tu llii- |iluiic beliiiit) tlic pmu, aod cooseqnentl/ the 
|)litlm wuiild Ifi: MiiiK'tliiiig darker than tbe face of the 
)irl<m, which it parallel to it; buttbesldeof tbephan 
R(ljulninf( to the plane will throw a refiectioo opoa tiie 
|iliine, mid tiiercforc itwuuldbedifiicaltto perceive the 
d i III iffl lice between tlie face of tbe prism, and the plaae 
pniHlkil hirhind the pmm.jVs to the diderenceof light be- 
IWKcu the iihin of the priHtn which is perpendicoUr to 
ihr ptftDe, Hiid the plane, it will very miich depend oa 
tli« «iluali»n of tbe luminury ; for if the lumiDary is ia 
U [ilnnt! I'ljunlly inclined to both, tbere will be nearly 
tllc ilimci degree of light on each; for very little differ- 
(ini^r will ariRc from iho reflection, except the luminary 
U niori^ inclined u> one euifacc than another^ and then 
lllitl Niirliiee will be darker than the other, according to 
itiii obli<iiiiLy of the rayi of the bun on that surface. 
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PROBLEM I. 

Given the ichnography and elevation of a base 
and capital, and the seat of the sun's rays on 
the ichnography and on the elevation; to 
project the shadows caused by the several parts 
of itself, and the line of shade upon the base. 

Imagine the object to be sliced, or cut, by as many 
planes, parallel to the axes of the columns*, and to the 
sud's rays, as may be thought convenient for the pur- 
pose: then, it is plain, if a ray of light enter any of those 
planes, tbat every part of the ray will be in that plane 
and that the projecting parts upon the edges of these 
planes will withhold the rays from a part of the edge 
of the plane ; and the lowest point of that part will give 
the edge or projection of the shadow of the part which 
throws the shadow : then if a sufficient number of these 

f 

points are found, a line drawn through them with a steady 
band will give the shadow ; the line of shade will be 
found by drawing lines to touch the several sections 
parallel to the seat of the sun's rays on the elevation ; 
and a line being drawn through the points of contact 
of the sections will give the line of shade. 

L 2 Let 



* It is not absolutely necessary to suppose the plane pa* 
rallel to the axis of the column, as in this problem ; but the 
sections formed by planes in this position are more easily 
found than in any other, for which reason I prefer the above 
position of planes. 
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PROBLEM 11. 



Platb 95. Fig. 1. 

To find the shadow of u cylindrical recess in a 
wall, whose axis' is perpendicular to the 
plane of the wall; having the seat of the sun's 
rays on the ichnography and elevation. 

Let fig. 1, be the elevation of the wall^ and C D the 
diameter of the cylindrical recess ; and let E F G H be 
the ichnography ; bisect C D at a; draw A a perpen* 
dicular to EH, cutting it at A; through A draw A B 
parallel to the seat of the sun's rays On the ichnography; 
cutting F G at B ; through B draw B b parallel to A a; 
and through a draw a b parallel to the seat on the eleva- 
tion, cutting B 2r at 6 ; then on B as a centre with one 
half of C D, describe a part of a circle, as is shown by 
the dark line, and it will be the edge of the shadow. 

Much in the same manner may the shadow of a re- 
cess, which has a back parallel to the plane of the 
wall, be found ; as is shown at fig. ^. 
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PROBLEM III. 
Plate Q5. Fig. 3. 

To find the shadow of a recess constructed as in 
fig. 2, when the sides of the ichnography are in- 
clined to the intersection of the two planes of 
the ichnography and orthography; given, the 
intersection of a number of planes passing 
through the luminary perpendicular to the 
plane of the elevatioo. 

Let Z 6, W Y, T V, and Q S, be the intersection 
of as many planes passing through the bud perpendi- 
cular to the elevation, and let Q R be the projection 
of one of the sun's rays on that plane i also let H I 
be the seat of the sun on the ichnography, cutting the 
back F G of the elevation at I ; from I draw I N 
perpendicular to I d, the common intersection of the 
ichnography and orthography; from M draw M N pa- 
rallel to Q R, cutting I N at N ; through N draw N O 
parallel to M U; on O as a centre, and with the 
distance O N, describe the arc N R, cutting the aide 
of the recess at R ; through the points S, V, Y, b, draw 
S R, V U, Y X, and b a, parallel told; and through 
the points Q, T, W, Z, draw the lines Q R, T V, 
W X, and Z a, cutting the lines S R, V U, Y X, and 
B a, at the points U, X, a ; then through the points 
R, U, X, a, draw the curve R U X a, and the line 
I N R U X a will be the edge of the shadow required. 
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PROBLEM IV. 

Plate 95. Fio. 4. 

To find the shadow of a hemisphere niche; 
given, the seat and altitude of the sun's rays 
on the elevation. 

Let I N, G M, £ L, and C O, be lines parallel to 
the seat of the sun's rays ; and on these lines^ as dia- 
meters^ describe semicircles I K N, G H M, and E F L; 
draw thelineAB^ bisecting OC; from any of the points 
C^ E, G, I, as Cf make the angle O C D equal to the 
sun's altitude^ cutting the side of the niche at D ; through 
the other points E, G, I, draw £ I^^ G H^ and I K^ 
parallel to C D, cutting the semicircles £ F G, G H M, 
and I K N; at the points F, H« K ; through the points 
D, F, H, K, draw lines D d, F/, H h, and H *, per- 
pendicular to the diameters, cutting them at the points 
d,f, h, k ; and through the points A, k, h,/, d, draw a 
curve, which will be the edge of one half of the shadow, 
from which the other half may be drawn, as is shown by 
the figure; and this wiH give the shadow complete. 



In order to show the application of the principles of 
shadows to enter buildings, the following plates will be 
found useful in illustrating them. It will be unnecessary 
here to show the projection of every shadow, which will 
be only repeating the same methods described in the 

fore- 
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foregoing problems, with which it is supposed that the 
reader is already acquainted. 

« 

From what has been said in the projection of shadows, 
the same principles will apply to finding the shadows of 
the niches, plate 97^ projecting the shadows of the 
cohimns on the door and on the wall of the octagon tower, 
plate 98; the shadows of the upper part of the same 
building, plate 99; these two are shown entire by the 
finished plate 100. Likewise the shadow of a building 
having a portico, as is shown by plate 102 ; the manner 
of projecting of the shadows being shown in plate 101. 

In finding the shadows of the ol^ects as in the 
foregoipg plates, I have in general supposed the lu« 
minary to be in a plane, making an angle of forty-five 
degrees with the horizon and with the object ; and also 
in a vertical plane, making an angle of forty-five degrees 
with the face of the object ; in order that the shadows 
of vertical and horizontal projectures may throw sha- 
dows equal to their projectures, from which we may 
judge the projecture of different parts of buildings from 
the shadows, even if the soffit of these projectures could 
not be seen; however, I have not always adhered to 
this rule, as may be seen by the octagon tower, plate 
100, in order to show the shadow of the colunjins and 
the roof upon the third side* 
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From what has heen said on this subject^ many prac- 
tical and useful rules in shadowing may be deduced^ . 
but as I have far exceeded the bounds first assigned for 
this part, I shall therefore end with observing, that 
from a consideration of the foregoing examples, the 
shadows of all objects, however complicated, may be 
found, as every object may be considered as compounded 
of prisms, cylinders, spheres, and annuluses ; therefore 
each part being projected separately, according to the 
rules for its particular kind of figure, the projection 
of all the shadows in that object will be completed. 

Although I have given correct methods for shadowing, 
I have no reason to think that the artist will always be 
at the trouble tf^rcgect his shadows, for as drawings 
in general are Sh^OT J^g? ^^ ^^ angle of forty-five de- 
grees, and as I iKlMM'de choice of that angle, he will 
therefore still find these examples to be his only guide 
in practice, as all the forms will be sufficiently near when 
copied by the eye, and drawn by the hand of a judi- 
cious artist. 
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